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Background: The prevalence of diabetes and the use of electronic health (eHealth) are increasing. People with diabetes need
frequent monitoring and follow-up of health parameters, and eHealth services can be of great value. However, little is known
about the association between the use of eHealth and provider-based health care services among people with diabetes.
Objective: The objective of this study was to investigate the use of 4 different eHealth platforms (apps, search engines, video
services, and social media sites) and associations with the use of provider-based health care visits among people diagnosed with
type 1 diabetes mellitus (T1DM).
Methods: We used email survey data collected from 1250 members of the Norwegian Diabetes Association (aged 18 to 89
years) in 2018. Eligible for analyses were the 523 respondents with T1DM. Using descriptive statistics, we estimated the use of
eHealth and the use of general practitioners (GPs) and somatic specialist outpatient services. By logistic regressions, we studied
the associations between the use of these provider-based health services and the use of eHealth, adjusted for gender, age, education,
and self-rated health.
Results: Of the sample of 523 people with T1DM, 90.7% (441/486) had visited a GP once or more, and 61.0% (289/474) had
visited specialist services during the previous year. Internet search engines (such as Google) were used for health purposes
sometimes or often by 84.0% (431/513), apps by 55.4% (285/514), social media (such as Facebook) by 45.2% (232/513), and
video services (such as YouTube) by 23.3% (118/506). Participants aged from 18 to 39 years used all forms of eHealth more than
people aged 40 years and older, with the exception of social media. The use of search engines was positively associated with the
use of somatic specialist services (odds ratio 2.43, 95% CI 1.33-4.45). GP visits were not associated with any kind of eHealth
use.
Conclusions: eHealth services are now widely used for health support and health information by people with T1DM, primarily
in the form of search engines but often in the form of apps and social media as well. We found a positive association between
the use of search engines and specialist visits and that people with T1DM are frequent users of eHealth, GPs, and specialist
services. We found no evidence that eHealth reduces the use of provider-based health care; these services seem to be additional
rather than alternative. Future research should focus on how health care services can meet and adapt to the high prevalence of
eHealth use. Our results also indicate that many patients with T1DM do not visit specialist clinics once a year as recommended.
This raises questions about collaboration in health care services and needs to be followed up in future research.
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Introduction
Background
Internet-based health information, sensors, apps, and other
solutions for self-management, as well as new treatment
strategies have developed rapidly in recent years, becoming an
important support for both patients and health services. Of
particular interest in this regard are patients with chronic
diseases, such as diabetes, who are in need of frequent
monitoring and follow-up of health parameters.
Increasing Prevalence of Diabetes Mellitus
The prevalence of diabetes is increasing worldwide. Estimates
of 415 million cases in 2015 (age group 20-79 years) are
expected to rise to 642 million in 2040 [1]. Global prevalence
in adults is estimated at 8.8% [1] and the Norwegian prevalence
at 4.7% [2]. Around 245,000 persons are diagnosed with diabetes
in Norway, of whom around 28,000 have type 1 diabetes
mellitus (T1DM) [2]. Costs attributable to diabetes represent
around 1.4% of the total Norwegian expenditure on health care
[3]. Diabetes is a considerable burden on patients in terms of
morbidity and mortality [4]. Most patients do not reach the
combined national treatment targets for prevention of
complications [5-7].
Increasing Use of Electronic Health Services
The World Health Organization states that “eHealth is the use
of information and communication technologies (ICT) for
health” [8]. The use of electronic health (eHealth) has increased
over the past decades. Back in 2005, 44% of the general
population of 7 European countries reported using the internet
for health purposes [9,10], increasing to 52.2% by 2007 [11].
Consistent with European trends, in Poland, 66.7% used the
internet for health purposes in 2012 [12]. Around 75% to 80%
of internet users in the United States and Europe conduct
health-related searches [9,13]. Most Norwegian households
(97%) had internet access in 2015 [9-11,14], and 78% of the
population aged 15 years and older have reported using the
internet for health purposes [15]. In the Czech Republic, more
than 25% of insulin-treated patients visited a professional
diabetes internet portal in the period between 2009 and 2013
[16]. However, eHealth use among people with T1DM in
Norway has yet to be explored.
Unclear Relations Between the Use of Electronic Health
and Provider-Based Health Services
Andreassen et al found that the use of eHealth in a general
population was positively associated with general practitioner
(GP) visits (yes or no) [10], whereas others have reported no or
inverse associations with the frequency of regular provider visits
[17,18]. A German study found that frequent users of health
services were 73% more likely to seek health information on
the internet compared with nonusers [12]. Research on the
associations between the use of eHealth and provider-based
health care is scarce, both in general populations and for
populations with specific diseases [19,20].
Norwegian Health Care Services
The Norwegian health care system is based on universal
insurance. Primary health care is run by the municipalities. All
residents are provided a regular GP according to the patient list
system. Specialist outpatient services are operated by regional
and local health enterprises owned by the national government,
consisting of public and private somatic and psychiatric
specialist services. Access to specialist care is usually achieved
by referral from the regular GP (the gatekeeper role). However,
persons with T1DM are recommended to make at least one
annual visit to specialist health services [21] and are most often
invited directly for annual checks. GP and specialist visits for
adults have a small co-payment, with a total maximum limit of
2258 Norwegian Kroner (around US $280) within a year (2018).
Planning for Future Electronic Health and
Provider-Based Health Care Services
The use of eHealth is an area of continuous and rapid
development, which varies between regions, countries,
diagnostic groups, health care services, and health care systems.
Hence, research from different settings is important to achieve
an overall epidemiological view. A comprehensive
understanding of the influence of eHealth on health care
utilization in patients with T1DM is thus important for patients,
health care providers, administrators, policy makers, and society
to enable evidence-based planning for future eHealth and
provider-based health care services.
Aim
The aim of this study was to investigate which eHealth services
are used among people with T1DM and whether the use of
eHealth is associated with the use of primary and specialist
health care services. Specifically, we tested whether the use of
apps, search engines (such as Google), video services (such as
YouTube), and social media (such as Facebook) was associated
with the use of GPs and somatic outpatient specialist services.
Methods
Data
For this cross-sectional study, we used email survey data
obtained in January and February 2018 from members of the
Norwegian Diabetes Association. On December 31, 2017, the
organization had 33,908 members—53% women and 47% men.
Around 30% of the members have T1DM [22]. The Norwegian
Centre for Research Data (NSD) Web survey distributed the
invitations to a randomly selected sample of 5971 individuals
(about 18% of all members).
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Figure 1. Flowchart of study population.
Initially, as described in our protocol paper [23], we planned to
use data from the seventh Tromsø study conducted in
2015-2016, where we participated in the planning.
Comprehensive population-based health surveys have been
conducted in Tromsø since 1974. In the seventh study, all
residents aged 40 years and older (around 33,000 persons) were
invited, and questions about the use of eHealth were included
for the first time. However, after data collection, the Tromsø
study was not able to give us access. Consequently, we had to
change our data collection plans. We developed a tailored
questionnaire based on the specific objectives of our study [23],
using relevant questions from other published surveys on health
care utilization and health information seeking [24,25].
Information about the study purpose and what participation
would entail was distributed together with the invitation. The
questionnaire (Multimedia Appendix 1) included questions
about demographic and socioeconomic characteristics, health
status including diabetes-specific questions about duration,
severity and treatment, and use of and experiences with eHealth
and health care services. Before data collection, the
questionnaire was reviewed and tested several times by 2
persons diagnosed with diabetes and by experts from our
research group (EÅ and AHH). Nonrespondents were given 1
reminder submitted by email 15 days after the first request.
Participants
It was not possible for the same respondent to fill in the
questionnaire more than once. Starting from 1250 participants,
we first excluded those who did not suffer from diabetes
themselves (n=66). This group consisted of 61 family members,
4 health personnel (2 overlapping), and 3 others. We also
excluded participants who failed to respond to most of the
questions (n=5) and those who did not give information about
gender (n=93). Finally, as we had decided to investigate T1DM
in this part of the study, participants with type 2 diabetes mellitus
(T2DM) and other diabetes types were excluded. The sample
finally consisted of 523 respondents (Figure 1).
Variables
The dependent variables were use of GPs and outpatient
specialist services during the previous 12 months. Specialist
services use refers to any somatic specialist clinic visit,
r egard less  o f  c l in ica l  i s sue  (no t  on ly
endocrinologists/diabetologists). For GP services, 2 dichotomous
outcome variables were applied, 1 for use or no use and 1 for
less frequent use (0 to 2 visits) or more frequent use (3 visits or
more). The distinction between more and less frequent use was
the 50th percentile, a cutoff point that has been used in previous
research [26]. For outpatient specialist visits, the 50th percentile
was set at 1, making a frequency variable redundant.
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Respondents were asked about their use of eHealth in the same
period. eHealth was subdivided into apps for mobile phone or
tablet computer, search engines (such as Google), social media
(such as Facebook), and video services (such as YouTube).
eHealth variables were dichotomized by merging the original
4 answering options into “never or once” and “sometimes or
often.”
The use of eHealth (apps, search engines, social media, and
video services) was the key independent variable. Adjustment
independent variables were gender, age, education, and self-rated
health. We grouped age in 20-year intervals. The 4 education
categories were labeled as follows: low (primary/part of
secondary school), middle (completed secondary school), high
(college/university<4 years), and highest (college/university 4
years or more). Response options for self-rated health were
excellent, good, fair, bad, and very bad. The bad and very bad
categories were merged because of low numbers in the very
bad category (4 respondents).
Analyses
Data were analyzed by means of descriptive statistics and
logistic regressions. Correlations were tested with Spearman as
well as Pearson correlation coefficients. We constructed 1
multivariable regression model for each of the dependent
variables. The independent variables (apps, search engines,
social media, video services, gender, age, education, and
self-rated health) were introduced collectively into the models.
Due to a relatively low response rate, we compared respondents
who did not respond initially but eventually consented with
early respondents, assuming that late respondents were more
similar to nonrespondents [27]. This was done by descriptive
statistics (stratification), and by subsequently introducing the
response time variable into the regression models.
We used 95% CIs throughout the study. All analyses were
accomplished using Stata, version 14.2.
Ethics
This project has been presented to the Regional Committee for
Medical and Health Research Ethics (REK), which found that
an application was not required according to the Norwegian
Health Research Act (2015/1779/REK nord). The study has
been approved by the data protection officer
(Personvernombudet) at the University Hospital of
North-Norway (ref 2017/6579). The data bureau NSD received




In total, 1250 persons aged 18 to 89 years participated,
constituting a minimum response rate of 20.93% (1250/5971)
(Figure 1). However, we experienced more than 400 bounce
backs from servers unable to deliver the invitation.
Consequently, the real response rate is assumed higher. Eligible
for analysis in our study were the 523 persons who reported
having T1DM (Figure 1).
Sample Characteristics
Mean age was 47.0 years, 48.9 years for men and 45.3 years
for women. Median age was 48 years. Mean disease duration
was 23.2 years (median 22 years). Most participants (75.7%)
had suffered from diabetes for 10 years or more. The largest
groups consisted of women (281/523, 53.7%), persons aged
40-59 years (223/523, 42.6%), married/cohabitants (338/380,
89.0%), full-time or part-time employed persons (308/481,
64.0%), persons with high education (152/480, 31.7%), high
household income (238/467, 51.0%), good self-rated health
(269/521, 51.6%), and good self-rated regulation of diabetes
(292/520, 56.2%). Among the late respondents (those who
responded after the reminder), older people (60 years and older)
represented a larger proportion (57/180, 31.7% compared with
65/343, 19.0% among the early respondents Table 1).
The Use of Electronic Health and Provider-Based
Health Care Services
During the previous year, 90.7% (441/486) visited a GP once
or more, and 61.0% (289/474) visited somatic outpatient services
(Table 2). Overall, 87.0% (447/514) used eHealth in one or
more forms. Search engines were used sometimes or often by
84.0% (431/513), apps were used by 55.4% (285/514), social
media were used by 45.2% (232/513), and video services were
used by 23.3% (118/506) of participants (Table 2). People aged
40 years and older used all health care services more and all
forms of eHealth less than younger people, with the exception
of social media (Table 2).
Relations Between the Use of Provider-Based Health
Care Services and Electronic Health
GP visits (yes or no, and frequency) were not associated with
any type of eHealth use. The use of somatic outpatient services
was positively associated with the use of search engines (odds
ratio [OR] 2.43, CI 1.33-4.45; Table 3). The use of apps, social
media, or video services was not associated with the use of
health care services (Table 3).
The probability of 1 or more GP visits during the previous year
increased with poorer health. People in good and fair self-rated
health were more likely to visit the GP compared with those in
excellent health (OR 2.20, CI 1.04-4.68 and OR 6.73, CI
1.78-25.49, respectively). All the 42 individuals reporting
bad/very bad health had visited their GP during the previous
year. As there were 0 observations in the nonvisiting group; OR
was not calculated (Table 3).
The probability of more frequent GP visits also increased with
poorer health and was almost 7 times higher in the bad/very bad
health group compared with those in excellent health (OR 6.77,
CI 2.63-17.45).
People in bad/very bad health were more than twice as likely
to visit specialist services compared with those in excellent
health (OR 2.51, CI 1.07-5.88).
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Table 1. Percentage of sample characteristics.
60 years and
older, n
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cLow (primary/part of secondary school), middle (completed secondary school), high (college/university <4 years), and highest (college/university 4
years or more).
dLow (Norwegian Kroner [NOK] <350,000), middle (NOK 351,000-750,000), high (NOK >750,000).














Use of health care services once or more
111 (94.1)198 (93.8)132 (84.1)148 (91.2)293 (90.4)441 (90.7)GPb
67 (59.8)140 (67.3)82 (53.3)107 (66.5)182 (58.2)289 (61.0)Somatic outpatient specialist
Use of eHealth sometimes or often
56 (45.9)121 (55.3)108 (62.4)91 (51.4)194 (57.6)285 (55.4)Apps
88 (72.1)184 (84.4)159 (91.9)138 (78.4)293 (86.9)431 (84.0)Search engines
46 (37.7)108 (49.5)78 (45.1)78 (44.1)154 (45.8)232 (45.2)Social media
22 (18.5)51 (23.5)45 (26.5)38 (21.8)80 (24.1)118 (23.3)Video services
aT1DM: type 1 diabetes mellitus.
bGP: general practitioner.
Among people aged 60 years and older, the probability of
visiting a GP was more than 5 times higher than in the youngest
(18 to 39 years) group (OR 5.25, CI 1.82-15.14). The probability
of frequent visits was twice as high among people aged 60 years
and older (OR 1.98, CI 1.15-3.40). The probability of visiting
specialist services was significantly higher among people aged
from 40 to 59 years, compared with the youngest group (OR
1.97, CI 1.25-3.11), but not significantly higher among those
aged 60 years and older (Table 3).
The group with high education was more likely to visit somatic
outpatient services compared with the low education group (OR
2.97, CI 1.36-6.51). GP visits were not associated with
educational level. Gender was not associated with the use of
health care services (Table 3). Goodness of fit was tested by
Hosmer/Lemeshow goodness-of-fit test. All tests showed
nonsignificant P values, indicating acceptable fit for all models.
All findings regarding GP visits persisted after introducing the
response time variable into the regression models. The
probability of using somatic outpatient services was increased
among the late respondents compared with the early respondents
(OR 1.84, CI 1.18-2.86). The positive association between the
use of somatic outpatient services was increased among those
in fair health (OR 2.04, CI 1.07-3.91) and among those in
bad/very bad health (OR 2.74, CI 1.16-6.45). Otherwise, the
introduction of the response time variable did not alter the
results.
There were no strong correlations (defined as Spearman rho
>.5) between the independent variables in any of the models.
A similar result was found using Pearson correlation test.
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Table 3. Probability of using general practitioners (GPs) and somatic outpatient services during the previous year in a population with diabetes type 1
(multivariable logistic regressions).
Somatic outpatient visits (yes/no;
n=468), OR (95% CI)
GP visits (0 to 2 vs 3 visits or more;
n=474), OR (95% CI)
GP visits (yes/no; n=432), ORa(95%
CI)
Variables
0.65 (0.41-1.02)1.21 (0.77-1.88)1.29 (0.62-2.70)Appsb
2.43c (1.33-4.45)1.10 (0.60-2.02)0.92 (0.33-2.52)Search enginesb
1.15 (0.73-1.82)1.38 (0.88-2.17)1.33 (0.59-3.01)Social mediab
1.06 (0.64-1.76)0.94 (0.56-1.56)1.73 (0.64-4.70)Video servicesb
0.99 (0.66-1.49)0.77 (0.51-1.15)0.64 (0.32-1.29)Genderd
Age, in years
1.001.001.0018-39e
1.97 (1.25-3.11)1.74 (1.10-2.75)3.50 (1.63-7.52)40-59
1.63 (0.96-2.79)1.98 (1.15-3.40)5.25 (1.82-15.14)60 and above
Educationf
1.001.001.00Lowe
1.69 (0.78-3.66)1.03 (0.46-2.33)2.48 (0.66-9.26)Middle
2.97 (1.36-6.51)1.17 (0.52-2.64)2.66 (0.70-10.11)High
2.16 (0.98-4.74)0.70 (0.31-1.58)1.56 (0.44-5.59)Highest
Self-rated healthf
1.001.001.00Excellentf
1.43 (0.84-2.42)1.35 (0.80-2.28)2.20 (1.04-4.68)Good
1.86 (0.98-3.52)4.15 (2.15-8.01)6.73 (1.78-25.49)Fair
2.51 (1.07-5.88)6.77 (2.63-17.45)N/AhBad/very badg
aOR: odds ratio.
bApps/search engines/social media/video services in 2 groups: 1=never or once, 2=sometimes or often.
cStatistically significant findings are marked in italics.
dGender: 1=women, 2=men.
eReference groups.
fEducation: low (primary/part of secondary school), middle (high school), high (college/university <4 years), highest (college/university 4 years or
more).




We found that 90.7% (441/486) of study participants visited a
GP once or more during the previous year, and 61.0% (289/474)
participants visited somatic outpatient services. Search engines
were used sometimes or often by 84.0% (431/513), apps by
55.4% (285/514), social media by 45.2% (232/513), and video
services by 23.3% (118/506) of the participants. Participants
aged 18 to 39 years used the investigated forms of eHealth more
than people aged 40 years and above, with the exception of
social media. GP visits were not associated with the use of
eHealth, whereas visits to specialist services were positively
associated with the use of search engines. Poorer self-rated
health and higher age were associated with increased use of
GPs and specialist services, whereas higher education was
associated with increased use of specialist services. Gender,
social media use, and video services use were not associated
with the use of health services.
Low Specialist and High General Practitioner Visit
Rates
We were surprised that only 61.0% (289/474) reported 1 or
more visits to any somatic specialist service during the previous
12 months. This is a higher rate than reported for the general
population [28] but still remarkably low as at least one annual
checkup visit is recommended for people diagnosed with T1DM
[21]. In Salten, Norway, around 80% of insulin-treated patients
reported visits to specialist services regarding their diabetes
during 2014 (unpublished data from the Rosa4 study,
communicated by TCL). We have not found other studies
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reporting specialist checkup rates for patients with T1DM in
Norway; however, it has been suggested that many older patients
are monitored by their GP [7]. Our finding that people aged 60
years and older less likely visited specialists compared with
people aged 40 to 59 years (Table 3) supports this view.
However, it is important to note that low specialist visit rates
apply to all age groups, and in particular to younger ages (18
to 39 years, Table 2).
On the other hand, a GP visit rate of 90.7% (441/486) is high
compared with around 80% in the general population [25,28].
Patients with T1DM might see their GP for a variety of health
problems that are connected, directly or indirectly, to their
diabetes. A few GPs are specialized in diabetes care and might
partly provide a substitute for specialist clinic checkup. This
might explain some of the low specialist visit rate, but it is
unlikely to explain all of it. The notion that people with T1DM
are followed up by annual checkups in specialist services thus
needs to be questioned or at least nuanced. It may be problematic
if the GP and the specialist both believe that the other is
performing the checkup of their patients, with the risk of
dropouts. Our finding raises questions about the collaboration
between GPs, specialist health services, and patients and needs
to be followed up in further research.
Extensive Use of Electronic Health
Our finding that people with T1DM are heavy users of all 4
forms of eHealth is not surprising. Among people aged 40 years
and older, the different types of eHealth were used from around
twice (search engines) to 5, 6, or 7 times (apps, video services,
and social media) more than reported for the general population
in the Tromsø Study [25]. However, it should be noted that our
data were collected 2 to 3 years later than the Tromsø Study.
Considering the rapid development in this field, some of the
differences might be due to changing of trends over time.
Nevertheless, reports are quite consistent that people with
chronic conditions or poorer self-rated health are more likely
to use eHealth than the general population [29-33]. This
conforms with the illness behavior model [34], indicating that
people in poor health are more likely to seek Web-based
disease-related information, where an obvious prerequisite is
access [35]. Concerns about one’s own disease or poor health
will naturally lead to demand for relevant information. This
extensive use may reinforce the notion that eHealth and
provider-based health care are additional rather than alternative
services at present, possibly interacting in a reciprocal way
[33,36] and that this applies at least as much to people with
T1DM as to the general population.
The Age Divide
This study confirms that younger people use the internet for
health purposes more than older people, particularly apps and
search engines. Previous research is consistent regarding this
age divide for general populations, elderly populations, and
populations with chronic disease [10,11,15,17,33,37-41].
Findings by Tarver et al may indicate that age differences among
internet users decreased in the period from 2003 to 2013,
although this finding was not statistically significant [41]. This
possible trend may amplify when cohorts exposed to digital
technology from childhood get older, and the present inverse
association between age and eHealth use might not be sustained
to the same extent in the future. Elderly people are a rapidly
growing age group in Europe and a fast-growing group of
eHealth users [12,42].
Positive Association Between Specialist Visits and the
Use of Search Engines
GP visits were not associated with any kind of eHealth use,
whereas specialist visits were positively associated with the use
of search engines. Back in 2008, Lee suggested that internet
use for health information increased contact with health
professionals [36]. In line with this, 2 Asian studies recently
found that internet use was significantly associated with more
outpatient clinic visits [29,43]. Medlock’s study of elderly
people in the Netherlands, however, reported that use of health
professionals was not associated with internet use [24]. None
of these studies can be directly compared with this study, as
study methodology, health care systems, and cultures differ
substantially, and the other studies were not performed in
disease-specific populations. The specific finding of an
association between specialist visits and the use of search
engines among people with T1DM might point to a need for
additional information concerning specialist visits, which may
be greater than the need connected to GP visits. We know that
eHealth might be used before the visit to seek information or
to decide about the need to see a doctor and after the visit for
additional information [31,33,44]. The GP-patient relationship
may have a longer duration, and GP visits may be more frequent
than specialist visits. Thus, a closer relationship with continuity
combined with room for questions and discussions may develop
[45]. In Norwegian specialist care, the patient will not
necessarily see the same physician from 1 visit to the next, and
the internet may be of great value as a source of supplemental
information.
Self-Rated Health, Education, and Late Respondents
People in poorer self-rated health used the surveyed
provider-based health services significantly more than people
in better health. This adds to solid documentation in previous
research, both for disease-specific and general populations
[26,29].
The probability of visiting somatic specialist services was higher
among those with higher education, even if health is usually
worse in lower socioeconomic groups. Our finding is consistent
with previous findings for the general Norwegian population
[26].
The increased probability of using somatic outpatient services
among the late respondents in our study is most likely because
of the higher age in this group and the consequences related to
increased health care needs. Otherwise, our investigation of
early versus late respondents did not alter the results.
Limitations
The main limitation of this study is the low participation rate,
one of the indicators of study representativeness [46]. However,
response rate must not be confused with response quality [27].
More important is the assessment of the possible influence of
nonparticipation on exposure, outcome, or the relation of interest
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[47]. In our study, older people dominated among the late
respondents compared with the early respondents. Assuming
that late respondents are more similar to nonrespondents,
younger individuals may be overrepresented in our study.
The distribution of the questionnaire to people with email
addresses excluded those who do not use the internet or do not
have an email address. The distribution of functioning email
addresses might have been skewed, for instance, toward younger
members. However, as 97% of Norwegian households have
internet access, 90% of Norwegians use the internet every day,
and around 91% use email [42], we do not think this has affected
our results significantly. Nevertheless, some of those invited
might not use email regularly, and some may use mobile phones
more than computers. In both cases, there might be barriers to
filling out a large questionnaire. In Norway, younger people
use email less and mobile phones more than middle-aged and
older people [42]. In addition, participation in surveys is
generally lower among younger people [48]. These factors might
contribute to balance a possible overrepresentation of younger
people in this study, and consequently add to its generalizability.
It is well known that women, healthier persons, higher
socioeconomic groups, and middle-aged people are more likely
to participate in surveys [47,48]. This suggests that women,
people aged from 40 to 80 years, people in better health, and
higher socioeconomic groups might be overrepresented in our
study, thus tending to level out a possible skewness in the
opposite directions.
Furthermore, we presume that people with interest in eHealth
might be overrepresented, as interest in the topic studied has
shown to increase responses [49]. If this is the case, our rates
of eHealth use might be higher than the true rates. However,
this point applies to most other eHealth studies as well.
In questionnaire data, there is always a potential for recall bias,
particularly regarding minor events and distant past, usually
leading to underreporting [50]. In addition, the validity of
self-reported data of health care utilization may be questioned,
although agreement between self-reported and registered health
care use is generally high [51]. The cross-sectional study design
implies that no causal relationships can be established.
Furthermore, we cannot exclude the possibility of unmeasured
confounders of the reported associations.
Overall, we conclude that younger individuals might be
overrepresented in this study. It is not possible to judge the
magnitude of a possible bias, as different factors might pull the
tendency in different directions or level each other out. The low
response rate is in itself not an indication of low
representativeness, as nonresponse bias may be a problem even
if response rates are high [52]. Moreover, our results seem
reasonable and not contradictory to prior research where such
research is available. We suggest that bias poses a limited threat
to our study’s validity. Nevertheless, generalization must be
approached with caution.
Strengths
One strength of this study is the focus on an area that has been
scarcely investigated. Another strength is the fact that we were
able to design a more detailed questionnaire specifically tailored
to people with diabetes. This enabled us to distinguish between
T1DM and T2DM. Further, we were able to recruit participants
from all of Norway, not only from Tromsø municipality, as
planned in the protocol using data from the Tromsø Study. This
study included individuals from 18 years of age, whereas
participants in the Tromsø Study were 40 years and older.
Moreover, we were able to analyze data shortly after they were
collected, which we consider of great importance in the rapidly
developing field of eHealth. Finally, yet importantly, the
collection of data in cooperation with the Norwegian Diabetes
Association enabled us to develop excellent user participation
with a large and important group of health care users.
Future Plans
We plan to extend this study by investigating how eHealth use
and use of other health care services, such as emergency
departments and hospitalizations, might be related. Furthermore,
we will make efforts to contribute to a deeper understanding of
possible causal relationships regarding the use of eHealth and
provider-based health care services. In further studies, this will
be applied to populations with T2DM as well as T1DM.
Conclusions
We found that the eHealth services are widely used for health
information by people with T1DM, primarily in the form of
search engines, but often in the form of apps and social media
as well. Our study suggests a positive association between the
use of search engines and specialist visits and that people with
T1DM are frequent users of eHealth, GPs, and specialist
services. We found no evidence that eHealth reduces the use of
provider-based health care, suggesting that these services are
additional rather than alternative in today’s health care. For
future research, it would be interesting to investigate how
eHealth services may replace some of today’s face-to-face
consultations. Moreover, our results indicate that many patients
with T1DM do not visit specialist clinics once a year as
recommended. This raises questions about the collaboration
between GPs, specialist services, and patients and needs to be
followed up in future research.
 
Acknowledgments
The authors would like to thank the Norwegian Diabetes Association for their cooperation in the conduct and performance of
this study. Without their generous contribution, this study could not have been realized. The authors also thank the Northern
Norway Health Authorities who provided funding for this research (DIAcare, project number HST1306-16) and approved the
changes regarding data collection that had to be made to complete the study.
J Med Internet Res 2018 | vol. 20 | iss. 11 | e11322 | p.9http://www.jmir.org/2018/11/e11322/
(page number not for citation purposes)




All authors contributed to the design and conduct of the study. AHH drafted the manuscript. All authors contributed with





[PDF File (Adobe PDF File), 33KB - jmir_v20i11e11322_app1.pdf ]
References
1. Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, Guariguata L, Cho NH, et al. IDF Diabetes Atlas: Global
estimates for the prevalence of diabetes for 2015 and 2040. Diabetes Res Clin Pract 2017 Jun;128:40-50. [doi:
10.1016/j.diabres.2017.03.024] [Medline: 28437734]
2. Norwegian Institute of Public Health. Public Health in Norway 2018 URL: https://www.fhi.no/globalassets/dokumenterfiler/
rapporter/2018/helsetilstanden-i-norge-2018.pdf [accessed 2018-06-16] [WebCite Cache ID 70DeT070T]
3. Solli O, Jenssen T, Kristiansen IS. Diabetes: cost of illness in Norway. BMC Endocr Disord 2010 Sep 20;10:15 [FREE
Full text] [doi: 10.1186/1472-6823-10-15] [Medline: 20854689]
4. Sandahl K, Nielsen LB, Svensson J, Johannesen J, Pociot F, Mortensen HB, et al. Increased mortality in a Danish cohort
of young people with type 1 diabetes mellitus followed for 24 years. Diabet Med 2017 Dec;34(3):380-386. [doi:
10.1111/dme.13124] [Medline: 27027777]
5. Jenssen TG, Tonstad S, Claudi T, Midthjell K, Cooper J. The gap between guidelines and practice in the treatment of type
2 diabetes A nationwide survey in Norway. Diabetes Res Clin Pract 2008 May;80(2):314-320. [doi:
10.1016/j.diabres.2007.12.025] [Medline: 18279994]
6. Mouland G. [Diabetes in general practice--were treatment goals reached?]. Tidsskr Nor Laegeforen 2014 Jan
28;134(2):168-172 [FREE Full text] [doi: 10.4045/tidsskr.13.0375] [Medline: 24477150]
7. Cooper JG, Claudi T, Thordarson HB, Løvaas KF, Carlsen S, Sandberg S, et al. Treatment of type 1 diabetes in the specialist
health service--data from the Norwegian Diabetes Register for Adults. Tidsskr Nor Laegeforen 2013 Nov
12;133(21):2257-2262 [FREE Full text] [doi: 10.4045/tidsskr.13.0153] [Medline: 24226332]
8. World Health Organization. http://www.who.int/ehealth/en/. eHealth URL: http://www.who.int/ehealth/en/ [accessed
2018-06-16] [WebCite Cache ID 70DfcHSuE]
9. Wangberg SC, Andreassen HK, Prokosch HU, Santana SM, Sørensen T, Chronaki CE. Relations between internet use,
socio-economic status (SES), social support and subjective health. Health Promot Int 2008 Mar;23(1):70-77. [doi:
10.1093/heapro/dam039] [Medline: 18083686]
10. Andreassen HK, Bujnowska-Fedak MM, Chronaki CE, Dumitru RC, Pudule I, Santana S, et al. European citizens' use of
E-health services: a study of seven countries. BMC Public Health 2007 Apr 10;7:53 [FREE Full text] [doi:
10.1186/1471-2458-7-53] [Medline: 17425798]
11. Kummervold PE, Chronaki CE, Lausen B, Prokosch HU, Rasmussen J, Santana S, et al. eHealth trends in Europe 2005-2007:
a population-based survey. J Med Internet Res 2008 Nov 17;10(4):e42 [FREE Full text] [doi: 10.2196/jmir.1023] [Medline:
19017584]
12. Bujnowska-Fedak MM. Trends in the use of the Internet for health purposes in Poland. BMC Public Health 2015 Feb
27;15:194 [FREE Full text] [doi: 10.1186/s12889-015-1473-3] [Medline: 25886280]
13. Fox S, Duggan M. Pew Internet & American Life Project. Washington DC: Pew Research Center; 2013. Health Online
URL: http://www.pewinternet.org/2013/01/15/health-online-2013/ [accessed 2018-06-16] [WebCite Cache ID 70Dh4ruWf]
14. Nölke L, Mensing M, Krämer A, Hornberg C. Sociodemographic and health-(care-)related characteristics of online health
information seekers: a cross-sectional German study. BMC Public Health 2015 Jan 29;15:31 [FREE Full text] [doi:
10.1186/s12889-015-1423-0] [Medline: 25631456]
15. Sørensen T, Andreassen HK, Wangberg SC. Nasjonalt senter for e-helseforskning. 2014. Prosjektrapport e-helse i Norge
2013 URL: https://ehealthresearch.no/files/documents/Prosjektrapporter/NST-rapport_2014-02_e-helse_i_Norge_2013.pdf
[accessed 2018-06-16] [WebCite Cache ID 70DhrW5OT]
16. Broz J, Brabec M, Brozova K, Cibulkova I, Zdarska D, Hartmann D. Professional internet information source used as
educational resource for patients with insulin-treated diabetes in the Czech Republic: a 5-year analysis of operations. Wiener
klinische Wochenschrift 2016;128:153 [FREE Full text] [doi: 10.1007/s00508-015-0946-9]
17. Koch-Weser S, Bradshaw YS, Gualtieri L, Gallagher SS. The Internet as a health information source: findings from the
2007 Health Information National Trends Survey and implications for health communication. J Health Commun 2010;15
Suppl 3:279-293. [doi: 10.1080/10810730.2010.522700] [Medline: 21154099]
J Med Internet Res 2018 | vol. 20 | iss. 11 | e11322 | p.10http://www.jmir.org/2018/11/e11322/
(page number not for citation purposes)
Hansen et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
18. AlGhamdi KM, Moussa NA. Internet use by the public to search for health-related information. Int J Med Inform 2012
Jun;81(6):363-373. [doi: 10.1016/j.ijmedinf.2011.12.004] [Medline: 22217800]
19. Catan G, Espanha R, Mendes RV, Toren O, Chinitz D. Health information technology implementation - impacts and policy
considerations: a comparison between Israel and Portugal. Isr J Health Policy Res 2015;4:41 [FREE Full text] [doi:
10.1186/s13584-015-0040-9] [Medline: 26269740]
20. Cline RJ, Haynes KM. Consumer health information seeking on the Internet: the state of the art. Health Educ Res 2001
Dec;16(6):671-692. [Medline: 11780707]
21. Norwegian Directorate of Health. National Professional Guideline for Diabetes: Follow-up, investigation and organization
of diabetes care URL: https://helsedirektoratet.no/retningslinjer/diabetes/
seksjon?Tittel=oppfolging-utredning-og-organisering-7125 [accessed 2018-06-16] [WebCite Cache ID 70DjGRLu1]
22. The Norwegian Diabetes Association. Årsberetning 2017 URL: https://issuu.com/knutjarle/docs/a_rsberetning_2017_
[accessed 2018-06-16] [WebCite Cache ID 70DkKIFTA]
23. Hansen AH, Bradway M, Broz J, Claudi T, Henriksen O, Wangberg SC, et al. The use of eHealth and provider-based health
services by patients with diabetes mellitus: protocol for a cross-sectional study. JMIR Res Protoc 2016 Oct 31;5(4):e207
[FREE Full text] [doi: 10.2196/resprot.6529] [Medline: 27799136]
24. Medlock S, Eslami S, Askari M, Arts DL, Sent D, de Rooij SE, et al. Health information-seeking behavior of seniors who
use the internet: a survey. J Med Internet Res 2015 Jan 08;17(1):e10 [FREE Full text] [doi: 10.2196/jmir.3749] [Medline:
25574815]
25. The Tromsø Study. URL: http://tromsoundersokelsen.uit.no/tromso/ [accessed 2018-06-16] [WebCite Cache ID 70Dkah0hU]
26. Hansen AH, Halvorsen PA, Ringberg U, Førde OH. Socio-economic inequalities in health care utilisation in Norway: a
population based cross-sectional survey. BMC Health Serv Res 2012 Sep 25;12:336 [FREE Full text] [doi:
10.1186/1472-6963-12-336] [Medline: 23006844]
27. Johnson TP, Wislar JS. Response rates and nonresponse errors in surveys. J Am Med Assoc 2012 May 02;307(17):1805-1806.
[doi: 10.1001/jama.2012.3532] [Medline: 22550194]
28. Hansen AH, Halvorsen PA, Forde OH. The ecology of medical care in Norway: wide use of general practitioners may not
necessarily keep patients out of hospitals. J Public Health Res 2012 Jun 15;1(2):177-183 [FREE Full text] [doi:
10.4081/jphr.2012.e28] [Medline: 25180941]
29. Hsieh RW, Chen L, Chen TF, Liang JC, Lin TB, Chen YY, et al. The association between internet use and ambulatory
care-seeking behaviors in Taiwan: a cross-sectional study. J Med Internet Res 2016 Dec 07;18(12):e319 [FREE Full text]
[doi: 10.2196/jmir.5498] [Medline: 27927606]
30. Bundorf MK, Wagner TH, Singer SJ, Baker LC. Who searches the internet for health information? Health Serv Res 2006
Jun;41(3 Pt 1):819-836 [FREE Full text] [doi: 10.1111/j.1475-6773.2006.00510.x] [Medline: 16704514]
31. Rice RE. Influences, usage, and outcomes of Internet health information searching: multivariate results from the Pew
surveys. Int J Med Inform 2006 Jan;75(1):8-28. [doi: 10.1016/j.ijmedinf.2005.07.032] [Medline: 16125453]
32. Fox S. After Dr Google: peer-to-peer health care. Pediatrics 2013 Jun;131 Suppl 4:S224-S225. [doi:
10.1542/peds.2012-3786K] [Medline: 23729765]
33. Ayers SL, Kronenfeld JJ. Chronic illness and health-seeking information on the Internet. Health (London) 2007
Jul;11(3):327-347. [doi: 10.1177/1363459307077547] [Medline: 17606698]
34. Li J, Theng YL, Foo S. Predictors of online health information seeking behavior: changes between 2002 and 2012. Health
Informatics J 2016 Dec;22(4):804-814. [doi: 10.1177/1460458215595851] [Medline: 26261218]
35. Fox S, Purcell K. Pew Internet & American Life Project. Washington DC: Pew Research Center; 2010. Chronic disease
and the internet URL: http://www.pewinternet.org/2010/03/24/chronic-disease-and-the-internet/ [accessed 2018-06-16]
[WebCite Cache ID 70Dljfgyl]
36. Lee CJ. Does the internet displace health professionals? J Health Commun 2008;13(5):450-464. [doi:
10.1080/10810730802198839] [Medline: 18661387]
37. Bauer AM, Rue T, Keppel GA, Cole AM, Baldwin LM, Katon W. Use of mobile health (mHealth) tools by primary care
patients in the WWAMI region Practice and Research Network (WPRN). J Am Board Fam Med 2014;27(6):780-788 [FREE
Full text] [doi: 10.3122/jabfm.2014.06.140108] [Medline: 25381075]
38. Campbell RJ, Nolfi DA. Teaching elderly adults to use the Internet to access health care information: before-after study. J
Med Internet Res 2005 Jun 30;7(2):e19 [FREE Full text] [doi: 10.2196/jmir.7.2.e19] [Medline: 15998610]
39. Satterlund MJ, McCaul KD, Sandgren AK. Information gathering over time by breast cancer patients. J Med Internet Res
2003;5(3):e15 [FREE Full text] [doi: 10.2196/jmir.5.3.e15] [Medline: 14517106]
40. Takahashi Y, Ohura T, Ishizaki T, Okamoto S, Miki K, Naito M, et al. Internet use for health-related information via
personal computers and cell phones in Japan: a cross-sectional population-based survey. J Med Internet Res 2011 Dec
14;13(4):e110 [FREE Full text] [doi: 10.2196/jmir.1796] [Medline: 22169526]
41. Tarver WL, Menser T, Hesse BW, Johnson TJ, Beckjord E, Ford EW, et al. Growth dynamics of patient-provider internet
communication: trend analysis using the Health Information National Trends Survey (2003 to 2013). J Med Internet Res
2018 Mar 29;20(3):e109 [FREE Full text] [doi: 10.2196/jmir.7851] [Medline: 29599107]
J Med Internet Res 2018 | vol. 20 | iss. 11 | e11322 | p.11http://www.jmir.org/2018/11/e11322/
(page number not for citation purposes)
Hansen et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
42. Norwegian Media Barometer 2017. Oslo-Kongsvinger: Statistics Norway; 2018. URL: https://www.ssb.no/en/kultur-og-fritid/
statistikker/medie/aar/2018-04-19 [accessed 2018-06-16] [WebCite Cache ID 70DmN6Jxv]
43. Nguyen HT, Nakamura K, Seino K, Vo VT. Association between a wider availability of health information and health care
utilization in Vietnam: cross-sectional study. J Med Internet Res 2017 Dec 18;19(12):e405 [FREE Full text] [doi:
10.2196/jmir.8328] [Medline: 29254911]
44. McMullan M. Patients using the internet to obtain health information: how this affects the patient-health professional
relationship. Patient Educ Couns 2006 Oct;63(1-2):24-28. [doi: 10.1016/j.pec.2005.10.006] [Medline: 16406474]
45. Hansen AH, Halvorsen PA, Aaraas IJ, Førde OH. Continuity of GP care is related to reduced specialist healthcare use: a
cross-sectional survey. Br J Gen Pract 2013 Jul;63(612):482-489 [FREE Full text] [doi: 10.3399/bjgp13X669202] [Medline:
23834885]
46. Tolonen H, Koponen P, Borodulin K, Männistö S, Peltonen M, Vartiainen E. Differences in participation rates between
urban and rural areas are diminishing in Finland. Scand J Public Health 2018 Jan 01:1403494817748737. [doi:
10.1177/1403494817748737] [Medline: 29307266]
47. Galea S, Tracy M. Participation rates in epidemiologic studies. Ann Epidemiol 2007 Sep;17(9):643-653. [doi:
10.1016/j.annepidem.2007.03.013] [Medline: 17553702]
48. Langhammer A, Krokstad S, Romundstad P, Heggland J, Holmen J. The HUNT study: participation is associated with
survival and depends on socioeconomic status, diseases and symptoms. BMC Med Res Methodol 2012 Sep 14;12:143
[FREE Full text] [doi: 10.1186/1471-2288-12-143] [Medline: 22978749]
49. Kristoffersen AE, Fønnebø V, Norheim AJ. Do cancer patients with a poor prognosis use complementary and alternative
medicine more often than others? J Altern Complement Med 2009 Jan;15(1):35-40. [doi: 10.1089/acm.2008.0262] [Medline:
19769474]
50. Roberts RO, Bergstralh EJ, Schmidt L, Jacobsen SJ. Comparison of self-reported and medical record health care utilization
measures. J Clin Epidemiol 1996 Sep;49(9):989-995. [Medline: 8780606]
51. Reijneveld SA, Stronks K. The validity of self-reported use of health care across socioeconomic strata: a comparison of
survey and registration data. Int J Epidemiol 2001 Dec;30(6):1407-1414. [Medline: 11821355]
52. Halbesleben JR, Whitman MV. Evaluating survey quality in health services research: a decision framework for assessing





NSD: Norwegian Centre for Research Data
OR: odds ratio
REK: Regional Committee for Medical and Health Research Ethics
T1DM: type 1 diabetes mellitus
T2DM: type 2 diabetes mellitus
Edited by G Eysenbach; submitted 19.06.18; peer-reviewed by W Tarver, YY Chen; comments to author 19.07.18; revised version
received 11.09.18; accepted 29.09.18; published 07.11.18
Please cite as:
Hansen AH, Broz J, Claudi T, Årsand E
Relations Between the Use of Electronic Health and the Use of General Practitioner and Somatic Specialist Visits in Patients With
Type 1 Diabetes: Cross-Sectional Study




©Anne Helen Hansen, Jan Broz, Tor Claudi, Eirik Årsand. Originally published in the Journal of Medical Internet Research
(http://www.jmir.org), 07.11.2018. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information
must be included.
J Med Internet Res 2018 | vol. 20 | iss. 11 | e11322 | p.12http://www.jmir.org/2018/11/e11322/
(page number not for citation purposes)
Hansen et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
